The status of waste and its impact on macroinvertebrate assemblages along Msimbazi River was assessed between May 2014 and August 2014. The aim was to identify the type of waste, their potential sources, and the assemblage of macroinvertebrate taxa that have been affected by waste disposal in the river. The study involved field study and laboratory analysis. Results indicated that organic and inorganic waste are the main types of waste dumped into the river; industries and communities living adjacent and along the river are the main waste producers. Macroinvertebrates belonging to eight orders and 27 families were recorded. Macroinvertebrates of the Gastropoda and Diptera orders were the most dominant in occurrence of all macroinvertebrate taxa, contributing 27 and 21%, respectively of the total macroinvertebrates. Based on macroinvertebrates sensitivity, 21 taxa (77.77%) were identified as being highly tolerant to pollution, six taxa (22.23%) as moderately tolerant and none of the most sensitive taxa. Macroinvertebrate diversity indices yielded a slightly lower Shannon-Weiner diversity index (H'=0.42) and the Shannon Evenness Index (0.2050) amongst sites. These findings are indicative of disturbed systems whose severity seems to be driven by the on-going waste disposal within and along the river continuum.
INTRODUCTION
Large scale pollution of rivers has resulted in strict enforcement of waste disposal legislation in most industrialized countries, where wastewater is to be disposed of only after the quality meets certain criteria. This is in contrast to most developing countries where sewage goes untreated (Fakayode 2005; Bernhardt and Palmer, 2007; Kassenga and Mbuligwe, 2009; Mrutu et al., 2013) . Rivers have a natural, though limited, capacity *Corresponding author. E-mail: shimbamoses@yahoo.com; mosesshimba@udom.ac.tz.
Author(s) agree that this article remains permanently open access under the terms of the Creative Commons Attribution License 4.0 International License to restorewater quality to pre-pollution levels, through dilution, die-off, sedimentation and biological processes (Anyona et al., 2014) . However, with the growth of cities, the amount of waste disposed into rivers often grows beyond their self-purifying ability (Fakayode, 2005; Kassenga and Mbuligwe, 2009) . In these instances, untreated wastewater disposal poses serious risks to aquatic ecosystem health (Anyona et al., 2014; Elias et al., 2014) .
Excessive loading of both industrial and domestic waste into rivers can alter the physical, chemical and biological characteristics of the aquatic system beyond their natural self-purification capacity. Higher levels of turbidity, nutrients, suspended and dissolved solids as well as coliform bacteria in rivers are all indicative of compromised systems attributed to increased pollutant load, resulting largely from anthropogenic activities (Adams and Papa, 2000) . Such changes in water quality can alter the community structure of benthic macroinvertebrates and other aquatic biota therein (Boyle and Fraleigh, 2003) .
Freshwater macroinvertebrate species are therefore at higher risk of extinction due to habitat degradation following overwhelming human activities (that is, invasive industrialization, agriculture, and urban development) near rivers (Jamil, 2001; L´evˆeque and Balian, 2005; Likens, 2010; Elias et al., 2014) . It is unlikely that there is a substantial number of freshwater bodies remaining that have not been irreversibly altered from their original state as a result of anthropogenic activities (Elias et al., 2014) . In Tanzania, for example, most of the industries are located in Dar es Salaam city and discharge their waste into Mzinga, Msimbazi, Yombo, and Kizinga rivers, which eventually flows into Indian Ocean (Ak'habuhaya and Lodenius, 1989; Kassenga and Mbuligwe, 2009; Mrutu et al., 2013; Elias et al., 2014) . This, in turn, affects the occurrence, composition, and the distribution of freshwater macroinvertebrate species, depending on their levels of tolerance and adaptability (Suleiman and Abdullahi, 2011; Elias et al., 2014) .
Tanzania is one of the richest countries in the world in terms of biodiversity and endemism (Lovett, 1998) . In spite of its rich biodiversity, some areas, especially urban communities, are currently being threatened by pollution resulting from improper waste management. The Msimbazi River in Dar es Salaam is one such area that has been heavily polluted by domestic and industrial waste, thus negatively impacting the biodiversity and possibly resulting in the disappearance of certain plant and animal species (Mashauri and Mayo, 1989) . Despite the ecological importance of Msimbazi River, few studies (Ak'habuhaya and Lodenius, 1989; Kassenga and Mbuligwe, 2009; Mwegoha et al., 2012; Mrutu et al., 2013) have been conducted on the ecological effects and current ecosystem health resulting from the continuous discharge of solid and liquid waste into the river.
The aim of this study was to identify the type of waste and provide information about the ecosystem health of the Msimbazi River using macroinvertebrates as ecological indicators. An overview of selected physicochemical conditions present in the river is also provided. This paper presents the findings of investigation on the effects of waste on macroinvertebrate taxon diversity and composition along the Msimbazi River, Tanzania.
MATERIALS AND METHODS

Study site
The study was conducted in the Msimbazi River, Tanzania. The river originates in Kisarawe highlands in the Coast-Pwani region of Tanzania, to the south-west of Dar es Salaam city. It flows between latitudes 6°48' 51.3"S and 39°16' 43.5" E in a North-Easterly direction, and enters the Indian Ocean within the northern part of Dar es Salaam City (Figure 1) .
The river has a wide flood plain (as wide as 1100 m) in some areas and covers a total area of approximately 260 km 2 (Hobbelen, 2001) . The Msimbazi valley provides diverse ecological, socioeconomic and agricultural functions to residents of Dar es Salaam, a city with an estimated population of approximately 4 million people. The Msimbazi valley is an important ecological area, largely due to its extensive wetlands (Rwenyagira, 1988) . Six sampling sites were selected along the river. Site SS1 was located in the upper Msimbazi River before industrial waste and sewage discharge points, and therefore serves as a reference point. Sites SS2, SS3 and SS4 were at the points of industrial waste discharge (midstream) while sites SS5 and SS6 were along the subcatchment (downstream) where wastes had already mixed thoroughly. A summary description of the sampling sites is provided in Table 1 .
Macroinvertebrate assessment
Field surveys to collect macroinvertebrate data on the Msimbazi River took place from May 2014 to August 2014 at six established sampling sites, where 20 sampling stations at each site were sampled on a monthly basis. Six sites each were chosen along with the river continuum; three (SS2 -SS4) within the industrial area, to capture the contributions from the industries to water quality degradation, two sites (SS5 and SS6) were located along the subcatchment where wastes had already mixed thoroughly, one site (SS1) was on the upstream reach for comparison purposes. A total of 120 samples were thus taken on a monthly basis, totaling 480 samples during the course of the study.
Macroinvertebrates were sampled in a 100 m stream reach where benthic and free floating invertebrates were collected using a standard hand net (0.3 m deep with 500 µm mesh size) attached to a metal frame (area 0.625 m 2 ) and handle (1.48 m long). The net was used to collect macroinvertebrates from the water column, mud, on stones and macrophytes. Each hand netting round took one minute. To avoid bias resulting from spatial variations or patchiness, three random samples were collected from each of the microhabitats by establishing a transect at each sampling reach, with five equally spaced points from which a sampling point was selected using random numbers. This procedure was replicated three times for each microhabitat, making nine samples per reach and samples were pooled to make one composite sample per habitat per station. Samples were emptied into a white tray where 
Sampling station
Site description
SS1
The most upstream site before industrial and sewage discharge points with habitat diversity (riffles, pools and runs) (reference site). There was overhead canopy along the stream banks.
SS2 -SS4
These points located in an industrial area; they were located in the waste discharge points (effluent streams) with limited habitat diversity (few pools). The river banks were devoid of forest cover.
SS5 -SS6
These sites were eroded and devoid of vegetation; they are situated along the sub catchment where waste had already mixed thoroughly. The stream bed was made of cobbles and boulders with some woody debris. The area was dominated with agricultural and domestic activities.
large objects were removed by forceps and the samples were filtered into plankton net. Mesohabitats, which are distinct areas within a stream that provide habitat heterogeneity and increase invertebrate diversity, were identified as either stream banks where roots were present, vegetation or submerged objects; substrate areas of glides, riffles and pools; or accumulated organic material in glides and riffles. Riffles and pools were sampled separately to account for habitat variations. The sampled materials were emptied into specimen containers and preserved in 70% alcohol for laboratory analysis at the University of Dar es Salaam. Macroinvertebrate samples were sorted and identified to family level using general invertebrate textbooks and identification manuals (Gerber and Gabriel, 2002; Day et al., 2003) .
Water quality assessment
Water quality parameters such as dissolved oxygen and conductivity were measured in situ using a YSI 556 MPS Handheld Multi Parameter Instrument (YSI Incorporation, Yellow Spring, USA) and pH using a hand held pH/mV meter (Model: SX 711). Additional water samples for total suspended solids analysis were collected in 1000 ml bottles and refrigerated at low temperatures (< 4°C) for 24 h prior to laboratory analysis. Total suspended solids (TSS) were analyzed from water samples following methods outlined in APHA (1998) by filtering 50 ml of the sample through a pre-weighed standard glass-fiber filter into a dry and pre-weighed evaporating dish.
The residue retained on the filter paper was dried to a constant weight while the filtrate in the evaporating dish was evaporated in an oven at 103 to 105°C for 1 h. These were cooled in a desiccator and weighed. The cycle of weighing was repeated until a constant weight was obtained, after which TSS was calculated and presented in milligram per litre. All the analyses were conducted at the Department of Aquatic Sciences and Fisheries Laboratory at the University of Dar es Salaam.
Identification of type of waste and their potential sources
Data on the type of waste was obtained from both primary and secondary sources. Primary data was obtained using a structured questionnaire that served as the main source of information. Questionnaires were given to households to obtain information on the type of waste and their potential sources (Table 2 ). In addition, formal interviews were conducted with residents living along and adjacent to the river. The household samples for the study were drawn using systematic sampling whereby a house was selected randomly then after in every two households a sample for the study was selected. The households were picked in relation to where water samples were taken at the distance of 500 m from both sides of the sub-catchment. Various stakeholders including Dar Es Salaam Water Supply Company (DAWASCO) were also interviewed. A total of two hundred and thirty (n=230) respondents were interviewed using questionnaires. The sampling units were obtained from four wards, located in two municipalities where the river crosses. The wards were Tabata in Ilala Municipal, and Kigogo, Mzimuni, and Magomeni in Kinondoni Municipality. Variables collected in the field included types of waste and their sources and residents' awareness of proper sewage disposal mechanisms and interest in environmental conservation.
Data analysis
Descriptive statistics presented as means and their standard deviations were used to summarize the data characteristics. Students't-test was used to establish differences among variables between sites. The Shannon-Wiener diversity index (H′), as described by Magurran (1988) , was used to assess diversity as follows:
Where n = number of individuals of a taxon and N = total number of individuals in the sample. An associated evenness J′ = H′/H′max (Pielou, 1975) was also calculated, where H′max is the maximum possible value of H′. The collected data from questionnaires were verified, coded, and later analyzed using Statistical Package for Social Science (SPSS).
RESULTS
Macroinvertebrate taxa diversity and abundance
Macroinvertebrates belonging to eight orders and 27 families were encountered in the samples collected from six sampling sites. Macroinvertebrates of the Gastropoda and Diptera orders were the most dominant of all macroinvertebrate taxa, contributing 27 and 21%, respectively of the total macroinvertebrates abundance (Table 3) . However, Chironomidae accounted for 79% of the dipteran abundance along the river continuum.
In addition, Oligochaetes and Hirudinae (considered being pollution tolerant taxa) in the phylum Annelida were collected at all sampled sites. There were significant differences in abundance between sites (p < 0.001). When the 27 macroinvertebrate taxa were further divided into three arbitrary groups based on their sensitivity or pollution tolerance using Gerber and Gabriel (2002) , 21 taxa (77.77%) were identified as being highly tolerant to pollution (those taxa known to occur in severely polluted or disturbed streams) and six taxa (22.22%) as moderately tolerant (those taxa that are found in streams with intermediate degrees of pollution or disturbance) (Table 4) . Macroinvertebrate diversity indices yielded a slightly lower (0.42) Shannon-Weiner diversity index (H') between sites. Likewise, the Shannon Evenness Index was also low (0.2050) ( Table 5 ) and still fell far below the ideal metric value of 1 which is indicative of similar proportions of all taxa in the system. (Nevers and Whitman, 2004) . The concentrations of TSS recorded at the sampling sites are considered higher when assessed against the Tanzania Municipality and Industrial Effluents standards, and Tanzania Water Quality Standards (Table 6 ).
Physico-chemical water quality parameters
Waste disposal regimes in place near the Msimbazi River
Most respondents (67%) disposed their domestic waste directly into the river, while only 33% claimed that they have other forms of waste disposal mechanisms which are not connected to the river. It was identified from the field survey that, several factors influence waste disposal into the river; approximately 20% of respondents noted that there were no disposal grounds available for their use, while approximately 15% of respondents observed that there are disposal sites, however these were inaccessible to them.
Source of waste to Msimbazi River
Based on the household survey, it was noted that most of the waste disposed into the river is from domestic sources, although waste from sanitation facilities and industries were also recorded.
DISCUSSION
The Msimbazi catchment is characterized by a variety of land uses, including agriculture for green vegetables and many manufacturing and processing companies such as breweries, food processing plants, textile industries, soap and detergent producers, footwear and rubber product industries, paper manufacturers, sand mining for construction, waste stabilization ponds and so on (M. Shimba and I.
Thomas, Personal Observations). Observations made at sampling points showed that all sites were impacted, though to varying degrees. Anthropogenic activities contribute to water quality deterioration, impacting macroinvertebrate assemblages (Pallela, 2000) . It was established that the most common solid waste disposal method among residents along Msimbazi River was open dumping, owing to a general lack of clearly demarcated waste disposal sites. Dumping of garbage along the river banks and in storm drains may have facilitated their transportation and subsequent deposition in the Msimbazi River, resulting in water quality degradation. According to Inanc et al. (1998) , Martin et al. (1998) and Mwenda (2014) , surface water contamination within urbanized areas is attributed to solid and liquid waste resulting from anthropogenic activities and deposited either along the banks, in storm drains or directly into the river channel. Kassenga and Mbuligwe (2004) and Mwenda (2014) , also identified uncontrolled disposal of solid waste and excreta from informal settlements along the river continuum, inappropriately sited disposal pits, blockages and/or breakages of sewer lines at major junctions, increased human activities and urban surface runoff as among the sources of pollution into the Msimbazi River. This is in agreement with the present study where highest proportions of solid waste were recorded at the upper part of Kigogo ward along Msimbazi River that was characterized by elevated anthropogenic activities. Emere and Narisu (2007) further reported that, sections of the river flowing through urbanized areas and informal settlements are highly prone to pollution owing to their proximity to numerous pollutant sources such as waste water discharge points, solid waste disposal sites, raw sewage spills, and urban runoffs.
The type of solid waste encountered along the banks of the Msimbazi River was typical of the ongoing activities in the immediate vicinity. Common sanitation facilities used in these areas are pit-latrines, which are constructed close to the river in such a way that all the contents are directly disposed of into the river. Due to the fact that the water table is high, the pits are not sunken too deep and large parts are above the ground.
The results of the present study conform to some previous studies on pollution of Msimbazi River and their major sources. For example, Pallela (2000) and Mwenda (2014) cited untreated domestic wastes, pit-latrine effluent, and industrial effluent as the major source of pollution in the Msimbazi River. Several industries were identified as potential point sources of sewage including the breweries, food processing and textile industries (I. Thomas, Personal Observation). Although Lakhani Textile Industries has its sewage directed to Vingunguti oxidation ponds, there has been allegations that it is the main polluter of the river in recent times. This is due to the fact that the industries lack wastewater treatment facilities and perhaps the government is not much concerned with the issue of pollution control in this river ecosystem. The situation is worse, since the effluent from Vingunguti oxidation ponds is also discharged to the river on its way into the Indian Ocean. The Vingunguti oxidation ponds serve all industries along Nyerere road housing estate and most likely influences sites SS5 and SS6.
Changes in the water quality of streams can reflect increased nutrient loads associated with sewage discharge and probably, to a lesser degree and agricultural runoff (Gaufin and Tarzwell, 1956; Gaufin, 1958; Olive and Dambach, 1973) . In this study, the observed decreases in dissolved oxygen levels from SS2 to SS6 indicated a potential increased organic load in the stream.
Macroinvertebrates comprising of 27 taxa were encountered along with the river continuum. The 27 taxa recorded were however relatively low compared to those that have been reported for other rivers in other parts of Tanzania, for example 48 taxa in Karanga River (Elias et al., 2014) and 96 taxa in Pangani River (Kaaya et al., 2015) . The low taxa diversity and the dominance by few taxa (particularly pollution tolerant taxa) could have been due to poor water quality resulting from changes in physico-chemical parameters as well as nutrient levels contributed by increased solid waste and sewage disposal into the river channel. The dominance of pollution tolerant taxa i.e. (Chironomidae, Planorbidae and Coenagrionidae) over the sensitive and non-tolerant taxa could be a pointer to poor water quality along the river continuum.
According to Allan (1995) , Cortes et al. (2002) and Hamada et al. (2002) , distribution and assemblages of benthic macroinvertebrates may be attributed to small scale variability in a variety of water quality parameters. However, Sanseverino and Nessimian (1998), Nessimian et al. (2003) , and Chatzinikolaou et al. (2006) established that pollution and excessive nutrient enrichment from anthropogenic sources, in particular sewage and solid waste, can affect benthic macroinvertebrates' trophic relationships as well as their habitats and thus change their community structure and composition. Adakole and Annune (2003) reported that changes in physicochemical parameters can disrupt life and reproductive cycles of aquatic fauna, impact on food chain and migration patterns or worse still impose physiological stress on even the tolerant macroinvertebrates. According to Mhatre and Panthurst (1997) , Bonada et al. (2006) , Choudhary (2012) and Sharma et al. (2012) , the continuous exposure of benthic macroinvertebrates communities to pollution changes their species composition in response to the magnitude, duration and frequency of the pollutants.
The physico-chemical conditions, taxa diversity and the number of taxa encountered during this study might be linked to degradation of Msimbazi River largely as a result of the discharge of untreated waste into various sections of the river. Chironomidae presence at sites SS2 to SS5 may be due to its ability to survive in a wide range of pH spectrum and anoxic conditions which were prevalent there (Choudhary, 2012; Sharma et al., 2012) . The sewage disposal at this point could have contributed to deterioration of its waters especially because, the area was not protected and wastewater could therefore contaminate the water. Studies also show that Chironomidae are common inhabitants of sewage polluted waters that are often rich in nutrients and poor in oxygen (Chakraborty and Das, 2006) . Even though Chironomidae comprised a large portion of the macroinvertebrate taxa at all sites except at site SS6, it is likely that the species present were different, particularly between sites SS1 to SS4. Winner et al. (1980) recorded similar differences. If the same Chironomidae member occurred at all sites, their abundance in one site should have occurred in synchrony with the others.
Effects of the decline in water quality downstream of the Msimbazi River were also evident in other macroinvertebrate taxa (Hirudinae, Oligochaeta, Planorbinae and Physidae), which exhibited reduced taxa numbers. Differences in macroinveretebrate taxa between sites SS1 to SS4, SS5 and SS6 were probably related to water chemistry, since there was a gradual change in physico-chemical water characteristics to further down the catchment where sites are located. Studies have shown that in streams similar to the Msimbazi River, constant or decreasing numbers of macroinvertebrate taxa are observed along the gradient from upstream to downstream (Elias et al., 2014; Kaaya et al., 2015) . The loss of taxa owing to man-related impacts on the stream environment was confirmed in the present study.
Taxa diversity has often been related to the stability of the environment (Kaaya et al., 2015) . In this study, the macroinvertebrate communities were subjected to environmental stress (e.g. changes in water quality), which was less predictable and more severe at sites SS4, SS5 and SS6 than the other sites. The dominance of a few macroinvertebrate taxa resulted in variation in macroinvertebrate abundance at sites SS4 to SS6 Site SS2 recorded a higher abundance of Baetidae as compared to Site SS1. It is impossible to determine whether this increase resulted from successful reproduction at the site or from drift originating upstream. The latter explanation seems most probable, as macroinvertebrates from Baetidae were absent in sites SS3 to SS6. The other observed differences among the macroinvertebrate communities may have also been related to changes in water quality. Continued accumulation of dissolved and suspended solids in aquatic systems reduces water transparency, effectively impacting on primary productivity, thus affecting benthic macroinvertebrates (Emere and Narisu, 2007) . It can also clog gills of aquatic fauna (Edokpayi and Nkwoji, 2007) and destroy critical habitats by settling at the bottom of the water body, forming a blanket over critical spawning and breeding ground, thus interfere with the life cycle of aquatic organisms including macroinvertebrates. Increases in total suspended solids from SS1 to SS5 appeared to have detrimental effect on the macroinvertebrates. The overall low diversity of macroinvertebrates (H' = 0.42) reflected that, taxa composition was very different between sites; a fact that was observed by the dominance and abundance of pollution tolerant taxa (Chironomidae, Planorbinae and Coenagrionidae) over other taxa. In the present study, macroinvertebrates were not uniformly distributed along the river continuum, neither did they exhibit consistent increase or decrease downstream, but instead, varied between sites along the river continuum. This was partly caused by changes in water quality along the river continuum.
Conclusion
The Msimbazi River is partly impacted by waste disposal from nearby and fringing industries. A change in physicochemical water quality parameters, driven mainly by these practices along the river continuum influence macroinvertebrates. Our results suggest that some of the observed taxa are highly tolerant to pollution while others are moderately tolerant to pollution. These indicator taxa can be used in water-quality evaluation and in monitoring the recovery of streams in the study area.
Msimbazi River with habitat diversity has experienced significant impact as a result of the influx of sewage and chemicals and organic pollution disposed off in it, of which it contributed to the change in macroinvertebrates assemblages. Maintenance of ecological integrity by controlling anthropogenic activities, protection of the river channel and its basin and increased public education and awareness with regard to environmental integrity is therefore recommended.
